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TRIBUTYLTIN EFFECTS ON JUVENILE MUSSEL GROWTH

Michael H. Salazar and Sandra M. Salazar

Naval Ocean Systems Center

Environmental Sciences,
california 92152

P N San Diego,
T -~ _'_\\—.\
: i !

Juvenile mussels (Mytilus edulis <20 mm) were
exposed to three concentrations of tributyltin
(TET) in two site-specific, flow-through biocassays
with unfiltered seawater. Mean TBT concentrations
were 70, 80 and 200 ng/l in Test I (196 days) and
40, S0 and 160 ng/l in Test II (56 days). Treat-
ments did not significantly affect juvenile mussel
growth during %he first 36 days e ure in

test. ' After 63 days, all treatwents signi- -
7/ ticantly reduced growth in Test I. No significant

mortalities occurred at anv TET concentration in
either test.  Tficreases in welghis and lengcis of
Control animals in Test II were much greater
than during the first 56 days of Test I. Further,
weight increases in the Pier Control were almost
four times greater than in the Tank Centrols during
Test II. These data suggest that test animals were
probably under significant stress induced by the
bicassay test system. The data also suggest that
the effects of TBT on juvenile mussel growth may
have been gverestimated in this and other studies.

- "7 " INTRODUCTION

Growth represents the integrated response of
intermal biological process. It is generally be-
lieved that in any envirorment the added stress of
toxicants reduces animal growth rates and that
juveniles are more sensitive than adults. Signifi-
cant reductions in growth rate could adversely
affect the population (1). A good measure of
stress in juvenile mussels is shell growth since it
is a significant part of total somatic production
(2) and there is no interference by gametogenesis
3).

A number of investigators lave studied the
effects of tributyltin (TBT) on mussel (Mvtilus
edylis) growth. Several laboratory studies (4, S,
6) and a single field study (7) have reported
reduced mussel growth at TBT concentraticns of 230
g/l and greater in tests ranging from 7 days to §
ronths. The interpretaticn and envircrmental sign-
ificanca of these data are unclear (38). First,
these high concantraticns are nct characteristic of
most harkor environments and are restricted to
enclosed basins with poor tidal exchange and large
rumbers of organctin-painted vessels (2). Secord,
russel growth in the field may be different than in
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laboratory studies with associated growth-
inhibiting stresses. Third, reported reducticns in

\ mussel growth rates may be attributable to stress

fram wrmeasured or unknown factors (10).

Extrapolation to the enviroment is difficult
(8, 10, 11, 12) due to diZferences in conditions
bettween the above laboratory studies with TBT (4,
5) and the field. The above field study (7) pro-
vided envirormentally realistic test conditions,
yet still failed to confirm a cause-and-effect
relationship between TBT and mussel growth rate
because of unmeasured variables, uncontrolled
dosing, and an inappropriate control site. Limited
sample sizes and short-term exposures in previous
laboratory and field studies only permit estimating
order-of-magnitude effects (10) on growth of
mussels expcsed to high TBT concentrations. These
studies have not adequately assessed the suktle
effects of realistic expcsure states for lc+ TBT
concentrations of interest (13) near those
predicted to be safe (50 ng/l) in the estuarine
envircrment (14).

Two site-specific, flow-through bicassays with
TBT were conducted in San Diego Bay using a
Portable Environmental Test System (PETS) to
evaluate the long-term effects of low TBT concen-
trations on juvenile mussel growth. This approach
combined the advantages of controlled laboratory
dosing with realistic field test conditions in an
attempt to provide more meaningful results than
previcus studies. This report addresses results of
those site-specific biocassays and their
significance in relation to previcus laboratory and
field studies.

METHODS AND MATERIALS

PETS was evaluated over a 7-month period in
San Diego Bay using TBT leachates. A more detailed
description of the test site and the physical/
chemical parameters monitored are presented else-
where (15). As part of that evaluation, two cver-
lapping tests were conductaed with juvenile mussels
(M. edulig). Test I lasted 196 days (June to
December 1986). Test II lastad 56 days (Octcber to
December 1986). Test IT was cenductad concurrently
with the last 56 days of Test I. During that time
mussels from each test were in the same tanks ard
subjected to identical experimental conditlons.
Temperatures in PETS tanks ranged from 15.0 -
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25.99¢(X = 22.3°%C) in Test I amd 15.0 - 21.7% (X

= 18.69C)- in Test Il1. Bay temperatures at the
seawater intake ranged from 14.0 - 24.99C (X =
21.99C) during Test I and 14.0 - 20.89C (% =
17.8°C) during Test II. In a single 24-hour study
in December, ture ranged from 13.5 - 16.9

in PET tanks and 15 - 16 C° at the seawater intake.

The experimental design consisted of a control
ard three TEBT test concentrations with three repli-
cates each and approximately 50 animals per treat-~
ment. Mean TBT concentrations (+s.d.) were 70
(+40), 80 (+40) and 200 (+70) ng/l in Test I and
40 (*1S), S0 (+19) and 160 (*+66) ng/l in Test II.
Thase concentrations represented nominal 10, 25
and 100% leachate solutions, respectively, but
measured concentrations were markedly different
than expected (15). Mean TBT concentration in
control seawater was approximately 10 ng/l. TBT
concentrations were measured by hydride derivatiza-
tion and atomic absorption detection (5) and
reported as tributyltin chloride. all plastic
holding trays were leached for 2 weeks in the
laboratory with filtered flow-through seawater.
Missels were initially salected by length (~10-15
mn) , taking great care to rardomly distribute them
within the replicate plastic holding trays. There
were no significant differences in weights or
lengths among replicates at the start of either
test. All test animals were acclimated for 2 weeks
in PETS comtrol tanks before the experiment began.

Test I began with 192 juvenile mussels, 16
animals per test tank (48 per treatment). Some
animals died and some escaped; the 163 survivors
had initial lengths of 10.7 - 17.0 mm (X = 14.4 mm)
ard weicghts of 124 - 563 mg (X = 313 mg). Mussels
were collected from plexiglas panels that were
suspended at the test site in January. This was
dane to ensura that all test animals were frcm the
same spawning seascn and were approximately the
same age.

Test IT began with 234 zussels, 18 animals per
tank (54 per treatment) and 18 for the Pier
Control. One mussel escaped; the 233 survivors had
initial lengths of 10.1 - 15.0 mm (X = 12.6 mm) and
weights of 142 - S53 mg (X = 287 mg). The purpose
of the Pier Control was toc determine if the test
system affected growth. Without sufficient mumbers
of mussels frcm the same site, Test II animals ware
collected from the rubber tire fenders on the
Coronado Bay Bridge approximately 1 km from the
test sita.

Whole-animal wet weights and lengths were
measured weekly using vernier cadipers and an
electrcnic balance. Byssal threads were carefully
broken prior to removing mussels from the trays
for measurements. Presence/absence of byssal
threads was recorded weekly as ancther measure of
enviromental stress (16, 17, 18).

Statistical analyses were conducted only on
surviver data. Fcr each treatment cumulative
percent increases in lengths and weights were cal-
culated to normalize size 2£fects and to estimate
relative growth rates for graphical presentation.
Serial ANOVAs (P < 0.05) wera performed on pooled

weight and length data among replicate TBT concen-
trations at each sampling interval to test the
null hypothesis: TBT exposure has no effect on
juvenile mussel growth. If the null hypothesis was
rejected, Duncan's new muiltiple-range test was used
to determine which TBT concentrations significantly
affected growth. In addition, a series of linear
regression analyses were performed on log-
transformed data to carpare the slopes of estimated
gqrowth rates. If slopes differed by more than two
standard deviations (P < 0.05), growth rates were
considered significantly different.

RESULTS

Growth rate estimates from changes in mussel
weights and lengths over time are given in Figure 1
and Table 1. Figure 2 gives the slopes of regres-
sions performed on log-transformed 196~day weight
ard length data from Test I. In Test I significant
reductions in growth were found between 63-196 days
at all three TBT concentrations. Growth was in-
creasingly suppressed with increasing TBT concen-—
tration. At the highest concentration mussel
growth rate was approximately half the Tank Control
rate. After 196 days, mussel weights and lengths
in the Tank Controls and the 200 ng/l TBT treat-
ments increased by 450% and 250%, and 65% and 37%,
respectively. Mussel weights in the two lowest TBT
treatments increased by 355% and lengths by 53%.
Both the multiple-range test on weekly length and
weight measurements and the linear regression
analyses on the 196-day growth rates gave the fol-~
lowing results: Comtrol # (70 = 80) # 200 ng/1 TBT
treatments. That is, control growth was signifi-
cantly different than treatment grewth at all TBT
concentrations. There was no significant
difference in growth between the two lowest concen-
trations. Serial ANOVAs showed there was alsc a
significant difference amcng treatment replicates.

In Test II there were no significant differen-
ces in lengths, weights or growth rates when TBT
treatments were compared to Tank Controls. ter
56 days, weights of Tank Controls and the 160 ng/1
TBT treatments increased by 99% and 71%,
respectively. Lengths increased by 30% and 18%,
respectively. At the highest TBT concentration
growth rate was approximately 70% of the contxol.
There were significant differences in weights,
lengths and growth rates between the Pier Control
ard Tank Controls. Pier Control mussels increased
in weight by 378% and length by 73% after 56 days.
In the Pier Controls and Tank Controls
respectively, growth rates by weight were 140 and
40 mg/wk, and by length were 1.13 and 0.48 mm/wk.
After S6 days, weights for Tank Controls in Test I
ard Test II increased by 70% and 99%, respectively.

In Test I, byssal thread product-icn decreased
to a minimum by day 49, when half of the mussels
exposed to the highest TBT concentration produced
no byssal threads. Byssal thread production re-
mained suppressed until day 140. From then on
there were no observable differences in byssal
thread production at any concentration. No dif-
ferences in byssal thread producticn were observed
in Test II.
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Thers wers 50 sicnificant mortalities at any
cercantration in s2ither experiment. In Tast I
aftar 56 and 1¢5 davs expesure to 200 ng,l TBT,
sursival was 10C and 24%, respeczively. In Test II,
aftar 56 days exycsura to 160 ng/l TBT survi~al was
100%.

DISCUSSICN

T Tz zentrols, significant reductions
in iuvenile mussel growth rate were measurad in
PETS after 196 Zays at TBT concentraticns much
lower than previcusly reportaed in other larcratery
or %field stucdiss {4, S, 6, 7). No signifizant
aflfzcts were measursd aftar 36 Zays. Tre
r2asens for detzcting thesa suztle effacts were
icrzer exposurss and larger sanple sizes Than in
sravicus studias. Since the site-speciii:c bio-

assay performec tere may have combined zhe advan-~
tages of contrtllaed lamoratery desing with realis-

tic field test condiziens in a relatively lonc-texn
(5 month) chronic study, these rasults may nct be
surprising. PETS provided mere environmenzally
realistic test condizions than the laboratory
studies cited here kecause of unfiltered seawatar
with natural phvtoplankton pcpulations and
suspenced sediment. Hewever, diffarences in growth
rates between the Pier Control ard the Tank Contool
suggest that test c=crditions were not as emvizen-
mentally realistic as expectad due to systan-
induced stress. DiZferences in growth between Test
I and II during the first S5 days of exgosure
indicate that tes% conditicns were mar‘.:egily
different. Ther=2Zcre, the T27T concentratzicnh
affecting growth in Tast I may te cverestimatad.
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Table 1. Growth rates estimatad from juvenile mussel weights ard lengths.
TEST I
MEAN TBT QONCENTRATIONS
Pier Tank (n/1)
Control Centrol i) 2 200 -
Initial Weight (mg) 319 299 330 303
Final Weight (mg) 16357 1285 1430 1008
Growth Rata (mg/wk) 48 35 39 25
*
0- 56 days (mg/wk) 27 14 20 15
S6-1.2 days 42 24 26 11
119-196 days 72 39 65 44
Initial Zength (mm) 14.32 14.20 14.68 14.26
Final Length (mm) 23.30 21.20 22.30 19.40
Growth Rate (mm/wk) 0.23 0.26 0.27 0.18
TEST IT
Pier Tank

conteol  cortyol 40 0 160
Initial Weight (mg) 293 302 278 284 283
Final Weizht (mg) 1262 582 391 530 477
Growth Rate (mg/wk) 140 40 45 s 28
Initial Zangth (mm) 12.72 12.30 1z.30 12.50 12.60
Final lergth (mm) 21.76 16.30 16.30 15.70 14.80
Growth Fata (mm/wk) 1.13 0.18 c.20 0.40 0.28

* TBT concentraticns were slichtly
Zest Corditicns

As Whitz and Champ ,;10) have suggested, scme
cf the differences in results can ke attrikutad “o
systam~inducsd stress and differerces in test con-
ditions. Salazar et al. (15) have discussed
temperatura and nutritive stresses in the PETS
syscam and suggested that tank conditions were more
favcrable for mussel growth in Test IT than Test I.
This was due to lower mean TBT concentrations,
mecrs optimum temperatures and reduced biomass
quring the last 36 days when the tests overlapped.
Growth rates and byssal thread procduction of Test I
missels increased dramatically during this pericd.
BayTe ard Therpsen (19) have described scme of the
mnysiological ccnsequencas of maintaining M. edulis
in <he laboratory as weil as the specific effects
of temperature and nutritive sitress on reducing
both growth rata and reproduction effectiveness
(20, 21).

Iermeratige Stresg

Even thcuch experirental conditions were im-~
trTved, recuced growth Tates were expected in Test
I sinca wintar cemditicns generally reduce nussel
growth due o lcower terzeratures and less cthyts-
slarkten {22, 22). Howaver, growth rates of Tank
Control animals were higher in Test II than the
first 36 days of Test I.

W i’; [

iiffarent during these periods.

1y

Bayne et al. (1) have repcrted that above 20°¢
there is increased respiraticn and reduced filtra-
ticn in mussels. Above 25°C there are adverse
grzwth effects. A maximum <emperature of 25.2°2
ard 3 mean temperature of 22.3°C during the eariy
part of Test I suggests that juvenile mussels wersz
under temperature stress. When temperature Ze-
creased in the latter part of Test I, growth rates
ircr=ased in all wreatnents. San Diego Bay sumer
tenmperatures may reduce grswth because they ap-
proach levels that adversely affect mussel
pavsiology. Adverse temperature effects were ic-
gravatad by PET tanks which raised the temperatire
higher than ambiert. Measured daily fluctuation wvas
aimost four times higher in PET tanks than in e
bay.
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The major ccntributing factcrs to nutritive
stress in JETS mussals were precbasly reduced shyto-
plankton levels arnd reduced suspended saedinent
ccmpared To ambient bay water. Weekly maintanance
revealec large amcunts of sediment trapped in the
plumbing that never reached test tanks. As
evidenced by accomiated sediment in the bheTticn of
the PETS tanks hcwever, thers was much nore
suspended sediment in PETS than in lakoratory
stixdies

Kiorboe and Mcnienberg (24) suggestecd growth
rates in optimm labcratcry studies do not arproach
growth rates in the field prinparily because Y.
adulis derives additional mutrition fram susperded
particulates. These authors predicted growth rate
increases of 30 - 70% with the addition of only 3
g/l suspended sediment. Waldcck and Thain (25)
provided additicnal data showing a 72% enhancsment
in oyster growth with 75 mg/l suspended sediment.
None of the previcus laboratory growth studies with
mussels exposed to TBT included suspended
sediment. This may have resulted in nutritive

stress. Mussels in any anvirorment with susvended
sadinerc ard a natoral diet may -e under less <ctal
stresg, grow fastar ard potentiillv more rasistant
to TET.

Labomaters Studies

At “ast concentrations which produced no
effects in PETS, Thain and Waidock (4) fcund a
significant reduction in juvenile mussel growth.
These growth reductions could be attributed to
higher and more variable TBT concentrations than in
PETS, but there is reason to believe that the
results reflect the effects of uncontrolled test
conditicns (10) as mich as the BT concentrations.
These conditions include using a single algal
species Zor food, carrier solvents and §© suspended
sediment.

lLaccratory test conditions affect growth in
other ways. Widdcws et al. (26) have shown "edncad

of metals ard hydrocarbens in the field. Waldock
and Thain (25) have provicded data that show recuced
oyster gxo with increasing tissue concentraticons
of TBT in the lakoratory. Laughlin et al. (27)
have shcwn that acamulation of TBT by mussels in
tile labcratory is different from that in the 2ield.
If accumulated TET affects mussel growth rate,
these results suctest that growt: rates of mussels
ogcesed ¢ TBT in the lancratory would be different
than in e field.

Laroratory studies have gererally been used to
estimate TBT effects on mor=ality and growth.
Valkirs 2t al. ( 3) repcrzad a sigr.ificant decrease
in lengTh for aculit mussels expesed <o 300 nc/l TBT
with no significant changes in weicht. Hcwever,
these cecreases are prabably an artifact of statis-
tical aralyses. They also repcr-ad a Ss6-dav IC~10
of aprroximately 128 ng/l TBT Zcr adult mussels.
There were no sicnificant mortalities attrirutable
to TET avposure in either Test I or II of the PETS
studies at concentratizcns up o 200 ng/l. TBT
effacts zn survival and growth may have been Sver-
estimaz2d in the Valk:rs et al. (5] and other
labcratcry tests due to utritive st-ess.

Stromgren ard Bongaxr3 (6) used juvenies much
smaller than in PETS and rercr=ed significant
recucticns in mussal shell grosth afier only 7 days
e@esurz <o 400 g/l TBT. While the laser neasure-
ment technique is interesting, reporting effects at
such high levels in a test of such short duration

®h urmeasured treatmert concercraticns has little
envircrmental sicnificance.
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Field measurements provide a realistic test
platform for long-tarm studies, but generally lack
the control necessary for experimentation and
establishing cause-and-effect relationships parti-
cularly with TBT (12). In a San Diego Bay field
tast Staphanson et al. (7) eposed mussels at four
sites along a known TBT concentration gradient of
~2 km. Significant differences in growth wera
cbserved after 150 days exposure to 230 ng/l TBT.
The control site, hcwever, was inappropriate in
that it differed in many parameters other than TBT
concantration. In addition, there were many other
variables along that TBT gradient which may have
affected mussel growth. Since mussel growth can
ehibit extreme local variation (22, 28, 29), the
utility of using mussel growth as an index of
mussel stress at different sites in the field with-
out appropriate experimental control must be
challenged. White (30) has cautioned against the
arbitrary use of mussel monitoring systems without
developing the nodel to be tested

Summary - PEIS Study

Although the PETS did not duplicate the en-
virorment, it may have simulated more environ-
mentally realistic test conditions than the labora-
tory bacause of unfiltared seawater, natural
plankton populations and suspercied sediment. The
leachate dosing system permitted greater experi-
mental control than the field test. However, lcng-
tern exposures and large sample sizes permitted
deteczicn of significamt TET effects at concentra-
tions mxch lower than previcusly reported. It must
be emphasized that system-induced stresses also
raducs juvenile mussel grocwth. It was impossible
to quantify the relacive effects of each. The 70
ng/1 TBT that reduced growth rates in “his study
would not have an eZfect on mussel grcwth rates
urnder nost envirommental conditions . Only under
very stressful envircrmental conditions similar to
those in PETS experimental tanks would this concan—
taticn affect growth. Ruxrther, 160 ng/l might have
been the lowest concentration to reduce growth in
PETS tanks after longer exposures and less stress-
ful comditions. Uncontrolled stress in “he site-
specific bicassay precluded direct envircrmental
extrapolation. The lowest TBT concentration

t‘cc".ng juvenile nussel g-rowth under varying
ccrditions remains unknown.

The authors feel that results Zrcm the three
laboratory stdies, the field study ard this site-
specific bicassay wers as much a functicn of un-
controlled test conditions and animal age as TBT
exposure concentrations. To obtain meaningful
bioloyical measurements of TBT effects on juvenile
mussel growth, the authors suggest combining
laboratory, microcosn and field tests in nore dis-
criminating experiments designed to eguate measured

<o the natural Zield respense and answer
specific questicns apcut Sicavailakilits. Further,
tc assess earviccrmencal significarca, a Leachate
dosing systam with TBT-ccated panels similar to
that used in the laboratory and in PETS should be

daveloped for field use (imsitu). Theoretically,
mussel growth rates could be used to campare desed
versus undosed animals with a control group close
encugh to be a true control in all other erviron-
mental parameters yet far anough away to be
unaffected by TEBT.
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